Muscarinic activation of mitogen-activated protein kinase in rat thyroid epithelial cells.
Carbachol (Cch), a muscarinic acetylcholine receptors (mAChR) agonist, produces time- and dose-dependent increases in mitogen-activated protein kinase/extracellular signal-regulated kinase (MAPK/ERK) phosphorylation in nondifferentiated Fischer rat thyroid (FRT) epithelial cells. Cells pretreatment with the selective phospholipase C inhibitor U73122 resulted in a decrease of Cch-stimulated ERK1/2 phosphorylation. These data indicated that the effect of mAChR on ERK activation could be mediated through agonist-induced Ca(2+) mobilization or PKC activation. Phosphorylation of ERK1/2 was mimicked by the protein kinase C (PKC) activator phorbol 12-myristate acetate (PMA), but was not altered either by PKC inhibitor GF109203X or by down-regulation of PKC. Phosphorylation of ERK1/2 was elevated by a direct [Ca(2+)](i) increase caused by thapsigargin or ionophore. Additionally, Cch-induced ERK1/2 phosphorylation was reduced after either inhibition of Ca(2+) influx or intracellular Ca(2+) release. Nevertheless, Cch-mediated ERK1/2 activation was genistein sensitive, indicating the involvement of protein tyrosine kinases on the downstream signalling of mAChR. Pretreatment of the cells with PP2 markedly decreased Cch-induced ERK1/2 phosphorylation, suggesting a role of Src family of tyrosine kinases in the signal transduction pathway involved in ERK1/2 activation by mAChR. To test the biological consequences of ERK activation, we examined the effect of mAChR on cell functions. Cch stimulation of FRT cells did not affect cell proliferation, but increased protein synthesis. This effect was significantly attenuated by PD98059, a selective inhibitor of mitogen-activated protein kinase kinase (MAPKK/MEK). This study demonstrated that muscarinic receptor-mediated increase in the ERK1/2 phosphorylation was dependent on [Ca(2+)](i) but independent of PKC and was mediated by the Src family of tyrosine kinases. Our results also supported the idea that the protein synthesis stimulated by mAChR in polarized FRT epithelial cells was regulated by the ERK1/2 phosphorylation pathway.